While there have been very limited studies of the educational computing literature to analyze the research trends since the early emergence of educational computing technologies, the authors argue that it is important for both researchers and educators to understand the major, historical educational computing trends in order to inform understandings of current and future eLearning trends. This study provides the findings of an analysis of 2,694 journal articles published between 1977 and 2005 in four major, international educational computing journals. It provides the platform for a subsequent analysis for the period 2006-2014 and beyond, as future educational computing research is published. The journal articles analyzed were categorized according to their research themes. Subsequently, clustering analysis, multi-dimension scale analysis, and research diversity analysis were performed on the categorized results to explore the research trends. The research literature analysis confirmed that there were identifiable evolutionary trends dating from 1977, and, importantly, the analysis highlighted that each key breakthrough in technology was accompanied by increased educational research about those technologies to inform educational practices. Importantly, two major driving forces of the historical trends identified were technologies and pedagogical approaches. The paper concludes with explanations of how these trends from 1977-2005 have shaped the current focus on Technological Pedagogical Content Knowledge (TPACK) needed for effective current and future eLearning.
Introduction-Why Analyze Educational Computing Research from 1977-2005?
Since the 1970s, researchers began to notice the flexibility and repeatability of computer programs for instruction and this started the era of computer assisted instruction. From those origins more than 30 years ago, educational computing research emerged. We understand that, over time, various terms have been used, such as learning technologies, information and communication technologies for education (ICTE), and digital technologies. Furthermore, the interface between these technologies and learning has been reflected in the use of terms, such as eLearning (electronic learning) and mLearning (mobile learning). For the purposes of this paper, we have defined educational computing research as research that focuses on using information and communication technologies (ICT) to foster innovative pedagogy in terms of improving the effectiveness of learning and teaching.
Arguably, we have witnessed incremental and transformational developments of ICT as technological changes have been dynamic, and disruptive. In particular, the Internet has enabled eLearning, and Pahl [1] noted that technological changes, such as the Internet, have radically changed the way education has been delivered. Few could have imagined, even a decade ago, what technologies we now have available. Despite these developments, a search of the literature revealed that earlier studies had noted that there has been very little study of trends [2] [3] [4] The rationale for this is that a valuable role of research is to identify historical trends and these are replete in educational research literature other than educational computing. Our argument for the selection of the period from 1977 until 2005 is based primarily on the fact that no one has done this. In addition, by presenting this analysis, it can form the basis for a similar analysis for the period 2006-2015. Consequently, this paper, in analyzing 2,694 journal articles from four quality, international journals during that period, provides a platform for understanding where we have come from through an evidence informed approach. The paper then briefly examines the emergence of the Technological Pedagogical Content Knowledge (TPACK) literature, in order to make predictions about the future in relation to educational computing research, policy and practice.
Selection of the International Educational Computing Journals
In terms of educational computing research, research articles published in academically rigorous, scholarly educational computing journals were identified as being appropriate sources for exploring this issue. The educational computing journals selected were Computers & Education [6] , Journal of Computer Assisted Learning [7] , British Journal of Educational Technology [8] , and Educational Technology & Society [9] . The journals were selected as they are considered to be leading educational [9] . Consequently, a total of 2,694 journal papers published between the years 1977 to 2005 in these four major educational computing journals were analyzed. The methodology employed an approach, which focused upon each paper's title, abstract, and keywords. Two educational computing researchers independently coded each paper with an analysis framework to categorize the paper by its research theme compiled from the paper's title, abstract, and keywords. Clustering analysis and multi-dimension scale analysis were performed on the categorized results to explore the research emphasis, research distribution, and the evolutionary trends of the educational computing research. In addition, as educational computing research is multi-disciplinary and may involve ICT, pedagogy, behavior science, cognition science, and other related fields, research diversity was analyzed through Simpson's diversity index [10] to provide more information on the research emphasis and direction for educational computing researchers, policy makers, and practitioners. This paper is structured so that the following section describes more fully the analysis framework that was used in this paper categorization process. Subsequently, the research methodology, the main results and discussions drawn from the analyses are presented. The final section provides the concluding remarks and implications of our research, to establish an understanding of the trends identified from 1977-2005 to establish a platform on which future analysis of the literature from 2006-2013 could build our understandings about how those historical trends have informed the current, expanding research, for example, about TPACK [5] and eLearning.
The Analysis Framework
Although several researchers [1, 11, 12] have discussed the definition and content of educational computing research, there was still no clear analysis framework able to be identified that was suitable and scientifically sound for our research purposes. Therefore, we needed to develop an analysis framework before we could proceed to categorize papers. Following a top-down approach, we determined that the analysis framework should have a three-layer hierarchical tree structure. The first-layer attributes, according to the related research, would define the dimensions of this field. The second layer would show the sub-dimensions of the upper layer, while the attributes in the third layer would be the research themes of each sub-dimension. The research themes we provide in the third layer of the analysis framework were compiled from the paper categorizations of the four major educational computing journals that were analyzed. Using this three-layer analysis framework, we are able to effectively categorize a paper into this framework according to its research theme.
The definition of educational computing that was compiled from the studies of Pahl [1] , Cloete [11] , and Nulden [12] . As outlined earlier, it can be defined as research that focuses on using ICT to foster innovative pedagogy to improve the effectiveness of learning and teaching. Accordingly, educational computing research involves four dimensions, namely, person, ICT, information systems, and pedagogy [1, [11] [12] [13] . These four dimensions form the first layer of the analysis framework.
The 'person' is considered to be an important dimension in educational computing research. This analysis unit can be categorized into three levels, namely,  individual, which includes student and teacher;  community; and  organization (school) Therefore, the person dimension can be divided into four sub-dimensions; namely, student, teacher, community, and school. In the ICT dimension, different specific information technologies have been discussed as to their possibilities and applications in education [14] [15] [16] . These include multimedia, interface design, Internet, mobile communication, web technology, hypertext, and artificial intelligence. Consequently, we directly included these into the third layer with no further sub-dimensions being applied to Layer 2. The information systems dimension was similarly regarded. Layer 3 includes specific educational information systems and no more sub-dimensions were derived from Layer 2. Finally, according to Nulden's study [12] , we identified learning models and content design as the sub-dimensions of pedagogy. Table 1 displays the sub-dimensions of the first and second layers of the analysis framework. Attributes in the third layer of the analysis framework have to fully reflect the research theme of each paper. Although there has been little previous research on this, the paper categorizations of the educational computing journals have been documented with good references. Based on the paper categorizations of Computers & Education [6] , Journal of Computer Assisted Learning [7] , British Journal of Educational Technology [8] , and Educational Technology & Society [9] , we defined the attributes of the third layer of framework. In total, there were 53 attributes in the third layer. Table 2 displays the 53 third layer attributes. 
Research Methods

Data Collection
A total of 2,694 journal papers, published between 1977 and 2005, were collected from Computers & Education [6] , Journal of Computer Assisted Learning [7] , British Journal of Educational Technology [8] , and Educational Technology & Society [9] . Table 3 shows a summary of the collection details and displays that the journal articles were collected from the first issue of each journal until the last issue of the year 2005, except for the British Journal of Educational Technology because, during the years 1970 to 1984, papers in that journal mainly focused on how to use broadcasts, and technologies such as television and video recorders, and did not focus on educational computing. 
Coding of Papers
Because each paper's title, abstract, and keywords reflect the research theme of that journal article, two educational computing researchers independently coded each paper, referring to the analysis framework to categorize the paper by its research theme as compiled from the paper's title, abstract and keywords. Each paper was categorized according to no more than five attributes and given a score by each coder for each of these attributes based on the Likert 5-point scale from 'related' to 'strongly related'. Therefore, the categorized result is a 53-dimension tuple (vector) with no more than five places with non-zero values.
To elaborate, each coder entered the coded result of each paper into a computer system. The system compared the two coded results of each paper and reported the discrepancies if coders had attributed different attributes for the same paper or there was an attribute score variance exceeding two scales or the total amount of attribute score variance exceeding four scales. Any discrepancies reported from the system were resolved by a third independent coder, and this process enabled the final data to be determined through the agreement of at least 2 coders. During the coding process, if a new keyword appeared and could not be appropriately categorized into the third layer of the analysis framework, then this keyword was included in the third layer of the analysis framework.
Data Analysis Methods
Clustering analysis, multi-dimension scale analysis, and research diversity analysis were adopted to analyze the categorized results. Clustering analysis was adopted to explore the research emphasis and distribution of educational computing research. Clustering analysis constructs clusters from data by calculating the distances between data and shows the results in a hierarchical approach. As a result, the analysis can reveal the clusters from data in different view of level.
Multi-dimension scale analysis was employed as each paper's coded result is a tuple with multi-dimensional values. Thus, multi-dimension scale analysis was used to transform them onto a 2-Dimensional (2D) space in order to observe the research trend revealed in the coded results. In sum, multi-dimension scale analysis is a technique to transfer high dimensional data to a lower dimensional space and can still retain the relative distance between the data after the transformation as long as the Kruskal stress coefficient is kept under 0.1 [17] . When the data are represented in lower dimensional space, such as 2D space, it is much easier to observe.
Little attention has been paid to investigating diversity in research in the educational computing discipline, although this is an important way to explore research emphasis and the distribution of multi-discipline research [18, 19] . Therefore, in this study we drew upon Simpson's diversity index [10] to measure the research diversity of the educational computing research. Simpson's diversity index, which was originally used to help biologists understand eco-community structures and has been applied to other fields, is obtained by taking the reverse of the sum of square ratio of each species in the community. The value of this index starts at 1 as the lowest possible figure. This figure would represent a community containing only one species. Consequently, the higher the value, then the diversity will be greater. The maximum value is the number of species in the community. In this study, each attribute in the third layer of the analysis framework was taken as a species and, drawing upon Simpson's formula, we can calculate the diversity indexes of each year between 1977 and 2005.
Data Analysis and Discussion
Clusters of Educational Computing Research
Based on the yearly aggregative results between the years 1977 to 2005, by summing up the categorized results of the same year, Figure 1 presents the clusters created by clustering analysis. Five major clusters were found; namely, (y77, y78, y79, y81), (y82, y83, y84, y85, y86, y87, y88, y89, y90, y91), (y92, y93, y94, y95), (y96, y97, y98, y99, y00), and (y01, y02, y03, y04, y05). The results reveal that educational computing research has been evolving different research emphases during the past thirty years, which can be categorized into five periods, namely, 1977~1981, 1982~1991, 1992~1995, 1996~2000, and 2001~2005.
In the first period, from 1977 to 1981, the analysis shows that researchers began discussing the possibility of computer appropriation and application for instruction. Much attention had been focused on the topic of Computer Assisted Instruction (CAI), especially based on personal computers. This period marked the initial stage of educational computing. During the following period, from 1982 to 1991 which spanned approximately ten years, the data analysis indicates that CAI still played a major part, but, more specifically, the research focused on design issues and trying to apply existing package programs to education. The number of papers published in this period increased significantly. The evidence indicates that educational computing research, which focused on CAI research, grew to maturity in this period. During the years 1992 to 1995, although the main research emphasis still focused on CAI, the quantity of papers diminished when compared with the previous period. The research agenda began to shift more substantially toward Web-based learning and intelligent tutoring systems. This marked the transition from CAI research to the emergence of the initial stage of web-based learning research.
The trend towards web-based learning research increased substantially between 1996 and 2000. Related topics identified in the data analysis included learning community, cooperative learning, and problem-based learning, Educational computing research on web-based learning entered a growth phase in this period. Clearly, the increasing access to the Internet accompanied this new research interest, and web-based learning gave rise to eLearning research and possibilities.
The analysis indicates that web-based learning related research was dominant from 2001 until 2005. Research increased much more than in the previous period. Personalization of learning and adaptive learning are reflected in the research emphasis and they related to web-based learning. In addition, with the progress and maturation of wireless network technologies and mobile telecommunication technologies, research work focusing on these technologies occurred in this period. This period reflected a further shift from web-based learning research to the initial stages of increasing interest in mobile-based and ubiquitous learning.
In addition to observing the research emphasis from the viewpoint of the third layer of the analysis framework, the categorized results in each cluster were aggregated to the first layer of categorized results in order to reveal the research distribution from a macro view. Table 4 shows the number of papers and ratios of each dimension of research to the entire range of research for each period. As shown in Figure 2 , which displays the research distribution ratio curve and complements Table 4 , the application dimension obtained research emphasis as seen in all five periods, and has maintained a considerably higher ratio than the other dimensions of research. The research percentages of the person and IT dimensions changed slightly, and the research percentages of the pedagogy dimension were steady. This reflects the trend that the content of educational computing research as a discipline became focused on investigating the use of ICT to foster innovative pedagogy as a means of improving the effectiveness of learning and teaching. 
The Trends in Educational Computing Research
As described earlier, the multi-dimension scale analysis (MDS) was used to transfer the categorized results to a two-dimensional space in order to observe the trends in research in the educational Figure 3 below presents the analysis results, its Kruskal press coefficient being 0.1013, which shows that, although the value is slightly larger than 0.1, it should still be regarded as in the acceptable level, thus, the results are reliable [17] . As shown in Figure 3 , two trends, labeled A and B, were identified. Trend A was found in the years 1977 to 1991 and includes two clusters; namely, the beginning cluster (y77, y78, y79, y80, y81) and the ending cluster (y82, y82, y83, y84, y85, y86, y87, y88, y89, y90, y91). Trend B was found between 1992 and 2005 and includes three clusters; namely, (y92, y93, y94, y95), (y96, y97, y98, y99, y00), and (y01, y02, y03, y04, y05). The beginning cluster is (y92, y93, y94, y95) and the ending cluster is (y01, y02, y03, y04, y05). In order to discover the driving forces within the trends, we compared the differences between the number of papers on each topic published in the beginning cluster over and against the ending cluster for each trend. Table 5 and Table 6 , respectively, provide the top 10 research differences within Trend A and Trend B, respectively. In Trend A, as evident in Table 5 , CAI at the elevated rate of 32% was the research topic that increased the most within Trend A, with the next being multimedia. These two results respectively reflect the advances in ICT as the personal computer appeared in the early 1980s and multimedia specifications were defined and launched for applications in the late 1980s. The appearance of the personal computer boosted the research on CAI, while the specification and application of multimedia technology promoted research on multimedia. Research in course support systems in the application dimension and artificial intelligence in the ICT dimension also increased. In addition, as computing applications for use in education were launched, the relative research in the pedagogy dimension and person dimension, which included information literacy education, learning behavior, and content representation, increased.
In Trend B, as evident in Table 6 , the dramatic increase in the amount of research on web-based learning and the decrease in CAI were the significant changes in types of research. These changes can be attributed to the appearance of the Internet and the World Wide Web around 1992. Educational computing pedagogies embraced the enthusiasm of the possibilities of the Internet to enhance learning performance. The focus of research in educational computing rapidly moved from CAI to web-based learning from then, and formed the major turning point from Trend A to Trend B. In addition, through the Internet, computer mediated communication systems, which provide the opportunities for learning at anytime and anywhere, became an increasing research issue in application dimensions throughout the research disseminated in the selected journals. Multimedia research kept increasing, but the research context moved toward the web and hypermedia. In addition to multimedia research, it is to be noted that research in mobile communications also emerged as being increasingly the focus of research interest. The web also fosters possibilities for pedagogical approaches, adaptive course website design, collaborative learning, and problem-based learning, and these areas increased in terms of research publications. At the same time, the trend in relation to research about the person dimension, cognition type and learning community saw increased research activity.
In addition to the above analyses from the results shown in Table 5 and Table 6 , further comparisons of the differences between Trend A and Trend B in the four different dimensions, namely, application, ICT, pedagogy and person, three important trends can be noted. Firstly, personalization and collaborative learning of constructivism pedagogy through web technologies emerged into the mainstream, replacing CAI in mastery learning pedagogy. Secondly, new emerging research in the application dimension reflected the growing understanding about the interface and relationships between ICT developments and pedagogical implications for teaching and learning. These two areasnew and emerging ICT and pedagogy needs-became the two major driving forces in educational computing research. We argue that this also became closely related to ICT implementation challenges in translating the research to policy and, importantly, to practice. Thirdly, in observing the ICT and pedagogies involved in applications and contrasting the development of pedagogical paradigms to the ICT developments, as shown in Table 7 , we suggest that, although both ICT and pedagogy paradigms are the two major driving forces in educational computing, pedagogy paradigms lead the application approach to ICT in the educational computing field. In other words, the relationship between these two driving forces is that ICT carries out pedagogical functions, and serves as a catalyst and enabler for the effective application of the education models. 
The Diversity of Educational Computing Research
The Simpson's diversity indices of educational computing research between the years 1977 to 2005 were calculated and are shown in Figure 4 . It can be seen that, along with the identification of key trends, there is also increasing educational computing research diversity evident. To investigate the fitness of the diversity trend, a linear regression test was conducted. The results shown in Figure 5 reveals that there is a positive and significant relationship between research diversity and year, and suggests that 55.3% of the diversity's variance can be explained by the year in which the research was conducted. This means that educational computing has become an increasingly important field of research, attracting involvement from researchers from different disciplines. For example, we note that, in relation to our educational systems in Australia and Taiwan, it appears that in the early, formative stages of each of the waves, education system policies have tended to follow each of those waves. To illustrate, in Queensland, Australia, the first Policy Statement Computers in the Curriculum [20] was developed in 1983, which coincided closely with the peak of the research driven by the personal computer developments. The next iteration of that policy occurred in 1997 with the launch of the Schooling 2001 [21] policy, which was the first policy to acknowledge that classrooms by 2001 should have Internet access. Again, the timing of that policy closely coincided with the peak of the second wave trend driven by the Internet developments. Subsequently, the Smart Classrooms Professional Development Framework [22] , launched in 2005 referred to 'digital pedagogies', which was consistent with the ICT and pedagogy trend identified in the third wave. As established through this research, the data analysis provided an evidence-based identification of three major waves of educational computing research from 1977-2005. We believe that this has been a most exciting and dynamic time in our planet's history in relation to new technologies and teaching and learning.
By examining the educational computing research throughout that period, we have argued that this builds a platform upon which to conduct further analyses of relevant research for the period 2006-2013 and beyond. Important, this analysis enables audiences in a diverse range of contexts to reflect and analyze the relationship between research, and the nature and timing of the policy responses, and changes in learning and teaching practices. In addition, the analysis suggests that research momentum increased substantially throughout the period studied, in terms of both research quantum and diversity though research by disciplines other than ICT and education.
Subsequent to this analysis of the four educational computing journals selected, the authors noted an example undertaken by Hsu, Hung, and Ching [23] who examined the abstracts of 2,997 international journal articles between 2000 and 2010 from six journals. Those journals included the four journals selected for this research, and they also included Educational Technology Research and Development [24] and Innovations in Education and Teaching International [25] .
The methodology employed by Hsu, Hung, and Ching [20] enabled a comparison of trends across three major domains-Technology Integration, Acceptance/Attitude of Emerging Technologies, and Learning Environments. Their research adds further insights into the continuation and expansion of the third wave outlined in our research. In particular, they noted that "it is the pedagogical use of technology and the effectiveness of instructional/learning strategies in achieving intended learning outcomes that constantly concern researchers and educators" [23] . This is consistent with the Technological Pedagogical Content Knowledge (TPACK) conceptualization proposed by Mishra and Koehler [5] , who suggested that technological knowledge (TK) needed to be considered in association with pedagogical content knowledge (PCK). The intersection of technological knowledge, content knowledge, and pedagogical knowledge within various educational contexts aligns with the third wave characterised by ICT and pedagogy, as shown in Figure 6 , and Hsu, Hung, and Ching's [23] identification of the pedagogical use of technologies as a continuing research priority.
To support our argument, there is now strong evidence of an expanding TPACK literature and research. For example, Voogt et al. [26] examined 55 peer-reviewed TPACK publications between 2005 and 2011, and concluded that there were different understandings of TPACK, and that teacher knowledge (TPACK) and their beliefs about pedagogy and technology determined whether or not a teacher might teach with technology. In addition, a search of the Association for the Advancement of Computing in Education (AACE) EdITLib publications, using 'TPACK" as the search term, resulted in 526 papers identified, with 232 papers published in 2012-2013.
In addition, subsequent research examining the educational computing literature would enable insights into major trends in technological changes impacting upon learning and teaching, such as social media, and mobile phones and other smart devices. This would provide scope for future technologies, including those new and emerging technologies and those yet to be imagined.
Conclusions
The technological changes, which can be mapped back in the educational computing literature as far as 1977, have been unprecedented in history. The accompanying implications for education have been considerable. This paper identified three major waves evident in the educational computing research in four prominent international journals throughout the period from 1977 until 2005. Consequently, this paper has provided the platform upon which subsequent research has focused, namely, ICT and pedagogy, with the earlier formative research catalysts being the personal computer (first wave), and the Internet (second wave). The contribution that this paper makes is an evidence-informed identification of the major historical trends in the educational computing research, which have led to the current research interests, for example, in TPACK, online learning, eLearning, and social media. The analysis also acknowledged the identification of the diversity of educational computing research, and suggested that further research, for example, between 2006-present which could build upon this important analysis, can illuminate the relationships between educational computing research, policy, and practice.
To conclude, the analysis has shown that technological innovation provides a catalyst for research, which provides new knowledge about the potential for those innovations to enhance teaching and learning. Appropriate research evidence informed policy responses and strategies are needed to enable enhanced learning and teaching practices. Currently, the driving forces seem to be a continuation of the third wave focusing on technologies and pedagogies, which this study identified as appearing as early as 2001. Moreover, the current focus on personalized learning and use of social media appear to have their origins during that period. The expanding TPACK literature base and research interest seems to be a continuation and strengthening of the third wave. A key message is that this analysis of the historical trends helps us to understand the major historical trends upon which further analysis of subsequent research can be undertaken and the relations between research, policy, and practice can be interpreted.
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